I. Torque-step perturbations were applied to flex or extend the wrists of normal human subjects. The electromyographic activity (EMG) of two of the stretched muscles, flexor carpi radialis and extensor carpi radialis, was monitored.
2. Based on functional characteristics and temporal bursting patterns, the EMG responses were partitioned into four distinct temporal intervals: , and greater than 200 ms after the onset of the torque step, The last interval continues for the duration of the step input; 200-400 ms was chosen to represent activity in this interval.
3. EMG responses in the first two intervals show short, stable latencies and amplitudes that depend on the level of muscle contraction prior to the torque step. They are facilitated by any instruction requiring a reaction by the subject. They are reflexes that cannot be voluntarily suppressed by instruction to the subject.
4. The third EMG response is a triggered response. It is not a reflex because its appearance or absence is absolutely under voluntary control. Unlike true voluntary responses, there exists no dichotomy in response latency or variability between known versus unknown directions of torque steps.
5. We consider that a truly voluntary response to a torque perturbation does not begin until about 200 ms after the step, which is on the order of visual or auditory reaction times.
6. The EMG responses were similar in both the wrist flexor and extensor studied.
388
Ankle flexors and extensors do not show such similarity.
7. The EMG responses at the wrist and ankle are compared and shown to have many similarities. A general scheme for their classification is discussed.
INTRODUCTION
The study of human motor control has recently seen a number of reports on the electromyographic (EMG) response of single muscles to highly contrived perturbations in carefully controlled laboratory situations. Since the work of Hammond (18), many investigators have used the limb-perturbation paradigm in an attempt to answer the question of how the human motor system responds to externally applied loads (1, 5, 8, 14, 15, 17, 23, 26, 29, 34, and others) . As artificial as this paradigm is, it has remained the choice of many investigators. This is, first, because of our lack of understanding and agreement at this most simple and controlled level, and second, because of the added complexities and technical problems involved in attempting to study the response of the motor system to perturbations in more complex paradigms.
One of the intriguing questions about the response of the human motor system to externally applied loads has been the extent to which it is achieved by reflex action versus voluntary action (see Ref. 37) . Along with this question has been the as yet unresolved controversy concerning the neuroanatomical pathwdys mediating some of these responses.
ternative scheme links the responses to segmental mechanisms that mediate multiple bursts of afferent activity (17) . One purpose of the present study was to determine to what extent the EMG responses of wrist flexors and extensors to torque steps are mediated by reflex processes. One might wish a hypothesis of the mechanisms for these responses to be applicable to the entire human motor system. Unfortunately, when results from the more commonly studied muscles are compared, different muscles appear to have quite different responses to similar torque perturbations. This can give rise to different and even conflicting hypotheses. Fur example, an early hypothesis suggested that the response of the human motor system to externally applied loads was to regulate length, and this hypothesis is commonly referred to as load compensation (30) . A more recent hypothesis suggested that muscle stiffness was being regulated ( 19) , that is, the system regulates both length and tension to maintain a certain level of stiffness.
Differing experimental observations and their explanatory hypotheses arise in part from the use of different muscles or from slight differences in experimental paradigms among investigators. There are also the concomitant differences in terminology (e.g., FSR of Melvill Jones and Watt (29); M l-M2-M3 of Lee and Tatton (23); SL-ML-LL of O'Riain et al. (3 1); myotatic-postmyotatic of Gottlieb and Agarwal ( 14, 15) ).
Another purpose of the present study was to describe a data base of the EMG responses in wrist flexors and extensors that would be directly comparable to an existing data base on the ankle flexors and extensors (14-16) using similar paradigms and subjects. This comparison is interesting in that it provides a generalized classification scheme for the responses of the human motor system to externally applied loads, at least with regard to equivalent joints in the upper and lower extremities. Given the functional and anatomical differences between human upper and lower limbs, it is by no means obvious that a meaningful comparison would be possible, but such proves to be the case. Such a general classification scheme is a useful step in formulating a unified understanding of the human motor responses to mechanical perturbations.
METHODS

All experiments
were performed using eight normal human subjects of both sexes, between the ages of 20 and 40 yr. A subject sat comfortably in a chair next to the apparatus. The upper arm was abducted about 45", with the elbow flexed about 90". The forearm was aligned in the device, and either rested on a long foam pad or was supported by elbow and distal forearm supports. The wrist was positioned such that the axis through the head of the capitate, about which Aexion and extension movements occurred, coincided with the vertical axis of the shaft of a DC torque motor (Inertial Motors, model 06-024) mounted below the wrist. An aluminum bar was directly coupled to the shaft of the motor, and an adjustable flat paddle was bolted to the bar. The subject's hand, with fingers extended, was strapped flat to the paddle. Heavily padded mechanical stops limited the flexion and extension to about 75O on either side of the relaxed neutral position. An oscilloscope display was provided with a reference target dot (finely focused) and a movable response dot (diffusely focused, about 3 times the width of the target dot), the position of which was continuously proportional to joint angle. This display assisted the subject in always using the same neutral rest position throughout the experiments. This apparatus restricted wrist motion to flexion and extension and allowed no abducting or adducting movement. A schematic drawing of the experimental apparatus is given in Fig. 1 .
Torque was measured by four semiconductor strain gauges (BLH Electronics, SR-4) bonded to the motor shaft (32). Angular position was measured by a rotating-plate, capacitive transducer (Trans-Tek, model 600). The motor was driven by a DC power amplifier (Inland Controls, model 200B) .
The EMG activity of the flexor carpi radialis (FCR) and extensor carpi radialis (ECR) was led off using fluid column electrodes (Hewlett-Packard, model 14220A) with adhesive collars. The EMG signals were differentially amplified and band pass filtered ( 100X, 60-l ,000 Hz). This raw EMG signal was further amplified ( 15X), fullwave rectified, and finally passed through an averaging filter with a 7 ms averaging time (11).
A digital computer generated the motor amplifier drive voltage. Typically, three levels of background torque or "bias" were used, with positive torques stretching the flexors. The computer digitized motor-shaft angle and torque (at a rate of 250 samples per second) and FCR and ECR AND AGARWAL rectified and filtered EMGs (at a rate of 500 sam-of from 3 to 6 s. In the first series, sets of 30 torque ples per second) for later analysis.
steps were presented with 5-step amplitudes ranThe basic experimental paradigm was to deliver domly presented 6 times each.
Step direction 1 -s-long steps of torque, randomized in amplitude, (flexion or extension) was always the same during direction, and interstep interval to flex or extend one set, and this was known to the subject, Twelve the wrist. This was repeated for three different sets were taken for each subject, with different bias torque levels (0.025, 0, and -0.025 kg-m).
combinations of instruction (RTT or DNR), bias Motor torque that tends to extend the wrist is torques, and step direction. This first series is analmeasured with positive sign. The subject would ogous to a simple visual tracking experiment in be given one of four instructions on what to do the sense that subjects received a unidirectional when the torque step was received. These instrucperturbation that required a simple uniditions were, I) Do not react (DNR):
allow the rectional response. motor to move the wrist without voluntary interThe second series of experiments presented 100 vention. 2) React to target (RTT): react as torque steps (10 amplitudes, randomly presented quickly as possible to restore the wrist to its start-10 times each). In this series, the direction of the ing position 3) React maximally (RMAX): react torque step was also random, with five of the steps as quickly as possible to move as forcefully as flexing the wrist and five extending it, and this possible in the opposite direction to the perturwas known to the subject. Six sets of data were bation, to the limits of the mechanical stop. 4) taken for each subject, using two different instrucAssist (ASST): react by moving as rapidly as pos-tions (RTT or DNR) at three values of bias sible in the same direction as the perturbation to torque. This second experiment was thus analothe limit of the mechanical stop.
gous to a choice visual tracking test with regard Perturbation experiments to the two possible directions of the perturbing torque step to which the subject selected an apThree series of perturbation experiments were propriate response. performed. All three used random sequences of
In the third series of experiments, sets of 30 torque steps, evenly spaced between 0.07 and 0.25 torque steps of five amplitudes were randomly kg-m in magnitude, presented at random intervals presented 6 times.
Step direction was always the same and this was known to the subject. A constant-bias torque (0.025 kg-m, in the same direction as the torque step) was maintained in each set. A total of eight sets of data were collected for each subject, each with a different combination of instruction (RTT, DNR, RMAX, or ASST) and direction of step/bias torque. Our subjects reported that the ASST instruction was the most difficult one to follow.
Data reduction-perturbation experiments
The data were analyzed, first, by grouping responses according to bias and instruction and then, averaging together the responses to torque steps of like amplitude. The resulting ensemble averages were plotted versus time. The EMGs were then integrated over four specified response intervals: these were approximately 30-60, 60-120, 120-200, and 200-400 ms following torquestep presentation. The first and second intervals correspond to the M 1 and M2-M3 responses, respectively (23). The third interval corresponds to the triggered (5) or postmyotatic (15) response. The fourth interval corresponds to the voluntary response. The first two intervals and the beginning of the third interval were specified, based on EMG bursting patterns found by inspection of the average plots. The boundary between intervals 3 and 4 and the end of interval 4 were specified, based on other considerations to be discussed later. The integrated EMG (IEMG) for each interval was corrected for the presence of background activity by subtraction of the mean IEMG level measured over a 50-ms interval before the torque step. There is some variation in these intervals between subjects, which were determined by visual inspection of the data and adjusted in calculations of IEMG.
The IEMG for a given interval was then plotted versus the velocity of rotation, computed from the averaged angular velocity trace by digital differentiation 12-16 ms following the torque step, and a first-order, linear regression line was fitted. The slope of this line was taken as a measure of the gain of the reflex arc. For this reason, these plots are referred to as gain plots (see Gain of EMG responses in RESULTS and Ref. 14 for further details).
The latencies of the first three EMG components were manually measured from individual records using an interactive graphics terminal. This was necessary because an unbiased measurement of latency cannot be obtained from averaged records.
Reaction-time experiments
To compare the latencies of the perturbationevoked EMG components against voluntary reaction latencies, another experimental paradigm was used to study visual and auditory voluntary reaction times, in a fourth series of experiments.
Since no torque perturbations were used in these experiments, the torque motor was used with velocity and position feedback circuits to provide a sensation of "springiness" rather than unimpeded rotation, which subjects reported as being helpful. For visual reaction times, the scope display was changed so that the computer controlled the position of the target dot, which assumed one of three discrete positions on the screen: center, and extreme right or left. The response dot moved along the same horizontal axis as the target dot.
The experimental paradigm allowed both simple and choice reaction times (SRT and CRT) to be measured. Initially, the target dot was at the center position. After a variable delay of 3-5 s it jumped left or right on the screen. The subject, instructed to track the target, chose the appropriate motion, a "choice" reaction. Once the target dot had moved and a response had been made, the target dot always returned to the center position, again after a variable delay. Because the subject always knew the end point of the returning jump, this was a "simple" reaction.
Voluntary reaction times to auditory stimuli were studied in a similar paradigm. Here, however, the target display was replaced with a voltage-controlled oscillator, controlled by the computer to produce three distinct tones. The middle tone (-330 Hz, E) corresponded to the center neutral wrist position at rest. The low and high tones (= 150 and 500 Hz, D and B, respectively) corresponded to the extreme joint positions of flexion and extension, respectively. To begin the experiment, the middle tone was presented for about 10 s. After a random delay, the middle tone changed to either the low or high tone, with the subject instructed to perform the appropriate wrist movement as quickly as possible. This was the choice reaction. Following this, the middle tone was again presented and the subject made a simple response to the center. Positioning the wrist in the center position was aided by a moderate amount of position feedback to the torque motor.
Data reductiun-reaction-time experiments
The data collection and reduction were identical for both visual and auditory reaction times. ensemble averages of joint angle and EMG larly, the choice of about 120 ms for the from the stretched muscle (either ECR or onset of the third interval is clear. The choice FCR) for a single amplitude of torque step, of 200 and 400 ms as interval boundaries in both flexion and extension, at the three levels of bias torque (0.025, 0, -0.025 kgm), In both ECR and FCR, the EMG responses to a torque step were partitioned into four segments. These we shall refer to as the myotatic response (30-60 ms), the late myotatic response (60-120 ms), the postmyotatic response (120-200 ms), and the stabilizing response (ZOO-400 ms). The stabilizing response continued as long as the subject resisted the motor, but the initial 200 ms of this EMG response were taken as representative. In some records with EMG activity in all four intervals, the first three segments contain bursts separated by short periods of silence, while in some other records the to the step torque it is frequently suppressed bursts overlap. The postmyotatic and staentirely. The late myotatic responses were bilizing responses almost always appeared larger and were present in every individual to merge. The rationale for choosing the inrecord. The postmyotatic and stabilizing retervals 30-60 and 60-120 ms can be seen sponses, present in the lengthening muscle from the bursting patterns of Fig. 2 . Simionly with the RTT or RMAX instructions, was somewhat arbitrary, but this will be treated further in the DISCUSSION. Within these intervals there was always variability in the latency of each burst but rarely enough to obliterate the peaks and valleys of the averaged data. In any case, the object of this partitioning is to demonstrate that in addition to finding peaks and valleys in the EMG records, it is possible to characterize the intervals according to physiological and functional properties.
For the wrist muscles of most subjects, the myotatic response is the smallest of the four. It is not always present, and with the DNR instruction or a bias torque of opposite sign were larger still. They were absent with the parisons at P 6 0.05), For the remaining two DNR instruction.
With the ASST instrucintervals, such differences in slope were not tion, the postmyotatic and stabilizing resignificant. This behavior was seen in all subsponses appeared in the shortening (assistjects. ing) rather than the lengthening muscle.
In the regression plots IEMG is plotted Gain of EMG responses versus the velocity of stretch. There are other mechanical variables that correlate well with In the first and second series of experiments, all four intervals showed a linear and monotonic increase of IEMG with the velocity of stretch (except for the last two intervals with the DNR instruction when no responses occur). In Figs. 3, 4 , and 5, the linear regression lines converged on the origin (30 of 36 had intercepts that were not significantly different from 0 at P < 0.05). The correlation coefficient was typically better than 0.90 (in 31 of 36 regressions).
For the first two intervals the slopes of the regression lines with. bias were significantly different from those without bias (11 of 16 comthe velocity of stretch, such as the deflection angle and the amplitude of the torque step. The IEMG would show a similar behavior if plotted against one of these. It is because of this correlation between velocity and torque that the stabilizing response is proportional to the velocity measure we use, At the ankle joint, the response in the interval 200-400 ms is proportional to the torque level being resisted by the subject (14, 15). While this was not explicitly investigated at the wrist, we expect the same to be true. Gain plots for two subjects for late myotatic response (6% 120 ms). Top plots for RTT instruction, bottom plots for DNR instruction.
Data from ECR for subject DMW and FCR for subject RJW. Plot symbols: *, facilitory bias (bias and step have same sign); q , zero bias; x, inhibitory bias (bias and step have opposite sign), Regression lines labeled with values of bias in kilogram-meters.
in Fig. 3 . This was most evident with the DNR instruction but also true for instructions requiring a reaction (RTT or RMAX). The behavior of ECR and FCR were similar to each other. The gain of the late myotatic response behaved much like the gain of the myotatic response in its dependence on bias, as shown in Fig. 4 .
In distinction from the two earlier responses, the postmyotatic and stabilizing responses showed little dependence on bias, as shown in Fig. 5 . The behavior of ECR and FCR were similar to each other for the two later components as well. The gain plots of Figs. 3-5 are representative of data seen in all eight subjects.
The average gain for each subject and each IEMG interval were computed for experiments of series 1 and 2. No systematic effect of a priori knowledge of the direction of the torque step was seen. A standard t test was used to test the hypothesis that the mean gain for series 1 (known direction) was the same as the mean gain for series 2 (unknown direction).
In 19 of 24 cases (four intervals by six subjects) there was no significant difference (P < 0.01).
The dependence of the EMG gain in the four intervals on the full set of instructions (RTT, DNR, RMAX, and ASST) from experiment 3 is shown in the gain plots of Fig.  6 . Here, four regression lines appear on each response-interval plot corresponding to the set of instructions.
All regression lines for a stretched muscle converge on the origin and show a linear, monotonic increase in IEMG with stretch velocity, with the exception of the RMAX line for the 200-400-ms interval. Note that the lines for the ASST instruction in the 120-200-and 200-400-ms intervals are taken from the assisting rather than the stretched muscle. 
Latency in visual and auditory step tracking
The results for voluntary step tracking (series 4) are summarized in Table 1 . A series of f tests were run within subjects to test the hypothesis that mean SRT was the same as mean CRT. This hypothesis was rejected in all but 2 of 12 tests at P 6 0.01, although in these two cases SRT was still less than CRT. The fastest reaction time was auditory SRT (168-194 ms), followed by visual SRT (167-212 ms), visual CRT (186-253 ms), and auditory CRT (202-288 ms). Although there was a greater disparity between CRT and SRT in the auditory paradigm compared to the visual paradigm, the differences were significant in both. For our subject population, experimental protocol, and method of measurement, we find increases in CRTs over SRTs (36) of about 10% for visual stimuli and 40% for auditory stimuli. These latencies and differences will be compared below to the latencies of the postmyotatic response to simple and choice torque-step stimuli.
EMG latency-torque steps Latency measurements of postmyotatic responses (120-200-ms interval) were on the order of 120-l 50 ms, with no clear-cut dichotomy between simple and choice responses. This was verified by testing whether the mean SRT was the same as the mean ' CRT using a t test, as shown in Table 2 . Latencies of the 30-60-and BO-120-ms components remained stable over all experiments. The latencies of the 200-400-ms component could not be accurately measured due to the overlap encountered with the postmyotatic response.
The coefficients of variation (ratio of the standard deviation to the mean) for post- myotatic, visual, and auditory latencies are summarized for simple and choice situations in Table 3 . This coefficient measures the relative variability of components at different latencies. The latency variability of choice reactions is larger than that of simple reactions for visual and auditory stimuli. Latency variability of the postmyotatic response to torque steps shows no differentiation between analogous simple and choice situations.
DISCUSSION
Myutatic response
The earliest response, occurring in the 30-60-ms interval, is the myotatic reflex. Based on latency considerations, it is equivalent to the Ml response described by Lee and Tatton (23) . It is analogous to the tendon-tap reflex and thus largely mediated by the primary spindle afferents (28). A short and stable latency is usually associated with reflex responses and reflects primarily neural conduction time with minimal central nervous system (CNS) processing delays. Certainly the myotatic response satisfies this criterion.
In the wrist muscles, the myotatic response is both weak and variable when compared to the late myotatic response in the same muscles. The gain of the myotatic response always depends heavily on bias. In most subjects it is suppressed entirely by use of a motor bias torque to require tonic contraction of the antagonist muscle, combined with instruction, "do not react."
The myotatic response at the wrist and the ankle always: I) occurs at a latency comparable to the tendon tap; 2) shows a linear, monotonic IEMG increase with stretch velocity; 3') appears only in the stretched muscle; 4) has a stable latency for all instructions; and 5) is strongly dependent on initial bias conditions. Its dependence on prior in- struction is relatively small but variable from subject to subject.
Late myotatic response
The second response, occurring in the 60-120-ms interval, is the late myotatic response. Based on latency considerations it is equivalent to the M2-M3 response of Lee and Tatton (23). The afferent input mediating this response is less certain, although it has been suggested on indirect evidence that the spindle may be the responsible receptor (3, 21, 27). The reflex arc associated with this response has been the subject of controversy with regard to spinal versus supraspinal pathways (6). Segmented EMG responses to stretch have been observed in spinal cats ( 10) and in spinal monkeys (35), which is strong evidence for a spinal mechanism. Data in spinal preparations concerning the characteristics and functional behavior of these responses other than latency is scant.
Recent data of Hagbarth et al. (17) suggest that multiple spindle discharges are responsible for the multiple reflex EMG responses observed in stretched muscles. However, the relationship between afferent, stretch-evoked discharge and reflex EMG is not one to one. These authors noted that the EMG response often contained one less peak than the afferent response. Except for the initial latency, the temporal correlation between peaks and valleys of the afferent activity and the EMG response is poor (see The late myotatic response is much stronger than the myotatic response in wrist muscles. Its gain could be modified by instruction or bias, but the response was always present in every individual record. The latency of this response was stable over all data collected. No major distinction, other than latency, can be drawn from the data here between myotatic and late myotatic responses; it may therefore, also be considered a reflex response. Other distinctions that do exist are presented in a companion paper (22) . A late myotatic response is present in tibialis anterior, but there appears to be no equivalent response in the soleus (15). There is an analogous response at this latency in the biceps and triceps (9, 34), but the dependence on prior contraction and instruction have not been as fully explored.
The late myotatic response always: 1) shows a linear, monotonic IEMG increase with stretch velocity; 2) appears only in the stretched muscle; 3) has a stable latency for all instructions; and 4) shows a dependence on the initial bias conditions. Both myotatic and late myotatic gains were often altered by different instructions to the subject. This phenomenon is similar to the effects of a Jendrassik maneuver in that prior actions, even when not manifest in the EMG, alter central reflex excitability. This argument was also advanced by Hammond (18) Lee and Tatton (23) . This is on the order of commonly accepted values for kinesthetic reaction time (approximately 120 ms, see Ref. 4) , but latency alone is not a sufficient classification criterion for any response. The postmyotatic response does not depend on initial bias conditions as do the previous responses, nor is it restricted to the stretched muscle. These are "voluntary" characteristics.
The postmyotatic response has additional characteristics that differ from other responses we would commonly accept as voluntary. First, with the instruction RTT, an increasing IEMG with velocity of stretch is expected and observed. With the RMAX instruction, a large, constant, and velocityindependent offset of the IEMG curve would be expected, but we find that the gain plots for the postmyotatic response with the RTT and RMAX instructions differ only in slope. The gain characteristics of the postmyotatic responses for the ASST instruction (measured in the assisting muscle) were not as consistent as their counterparts in the stretched muscle for the RTT and RMAX instructions.
A second characteristic of postmyotatic responses is that they show no dichotomy in latency between simple and choice reaction situations, as do voluntary reactions to visual and auditory stimuli. It has been reported that at least for one type of kinesthetic reaction time, no dichotomy between two and more choice-response tasks was found (24). The differences between our data and that of Crago et al. (5) in this regard we believe are easily explained. ' A third characteristic of the postmyotatic response is the lack of change in variability between simple and choice situations, as shown in Table 3 . Visual and auditory reaction times show larger coefficients of variation in the choice over the simple situation. However, in the simple case, the coefficient of variation for visual and auditory reaction times may be as low as those of the myotatic and late myotatic reflex responses, at least in well-trained subjects. In view of the above dilemma, the postmyotatic response is not a "reflex" but is distinguishable from the more labile actions we consider voluntary. We call this a triggered response (5, 15).
Stabilizing response
Finally, the stabilizing response, in the interval 200-400 ms, occurs only for instructions requiring a sustained reaction. The IEMG for this component shows a monotonic increase with the rate of stretch, except for the RMAX instruction, where an additional large offset is observed.
The exact point at which the truly voluntary response commences is open to question. Estimates from visual and auditory reaction times suggest a value on the order of 180-220 ms. In the present study, 200 ms was chosen. An exact determination is per-' Our results do not agree with the findings of Crago et al. (5). As a part of the experiments of Crago et al., the biceps muscle was studied for simple (resist stretch) and choice (resist stretch or relax to unloading) situations. Latencies were measured from averaged acceleration records, and the choice latencies were found to increase by lo-50 ms over the simple latencies. Similarly, the variability was found to increase. There are two possible explanations for the discrepancy between their observations and ours. The first is that the methods of determining latencies differed; in our experiments, latency was measured from single EMG records rather than from averaged acceleration records. The second is that the experimental paradigms were different. In our paradigm, the required response was always a contraction (the muscle to be contracted was either known a priori or not). In the paradigm used by Crago et al. the response required was either a contraction or a relaxation of the same muscle. However, the neuromuscular dynamics are known to be significantly different for contraction and relaxation (12) and, furthermore, there are latency differences between contraction and relaxation observable in the EMG (20).
haps beyond the realm of neurophysiological definition.
Effects of a priori knowledge No consistent effect of prior knowledge of torque-step direction on the gain for any interval was seen. This is not in agreement with previous data on the effects of expectation on EMG responses to torque steps at the wrist (31).* Comparisons among muscles Inspection of Fig. 2 shows that wrist flexor and extensor responses to stretch are similar. It was impossible to distinguish between FCR and ECR responses given the criteria of the present study. The symmetry in responses at the wrist is sharply contrasted by the asymmetry observed in ankle flexors and extensors ( 14, 15 Increases in SL and ML (comparable to our myotatic and late myotatic responses) were observed in the three subjects studied. In two of the subjects, background EMG computed over 100 ms pretorque showed increases of 47 and 12% in the known case over the unknown case. In the third subject, an 11% decrease was seen. In our studies we observed that an increase in the background EMG by bias torque usually produced increases in the myotatic and late myotatic responses. I-Iowever, we looked for but did not observe differences in background EMGs between simple versus choice experiments.
This might be due to the fact that we used five torque amplitudes rather than one and that the degree of unpredictability associated with this in some way prevented the increases in background EMG observed by O'Riain et al. It must be kept in mind that the level of background EMG is strongly influenced by the subjects "mental set." This tends to vary less with experienced subjects. One factor contributing to these differences may be the efferent fractionation of motor units in a similar experimental paradigm with monkeys (2, 33). Another is the possibility that an afferent fractionation exists (22). The differences may also reflect progressive recruitment and derecruitment of mechanisms from different levels of the stretch-evoked EMG responses in wrist and ankle flexors a nd ext .ensors is giv ren in Fig.  7 . Whether this scheme will be applicable to other muscles remains to be seen. Its most notable feature is the deemphasis of latency as the primary classification criterion. It proposes a progressive change in dominance, from an early dependence of the response motor-control hierarchy. From the present almost entirely on the stimulus to an evenstudy no definite conclusion can be drawn.
tual volitional dependence that is only de-A tentative classification scheme for the pendent on the stimulus when the subject so 
